ABSTRACT
different environmental stresses and play an important role in the early stages of host infection.
28
Therefore, the study of genes involved in biofilm formation has been an important step towards 29 the understanding of the bacterial strategy to survive and infect the plant host. In this work we 30 show that ecnAB a Toxin-Antitoxin (TA) system, previously identified only in human bacterial 31 pathogen, is conserved in many Xanthomonas spp. In general TA systems consist of a pair of 32 genes in operon that encodes a stable toxin and an unstable antitoxin that, under normal 33 conditions, binds to the toxin and blocks its activity. On the other hand, under stress the antitoxin 34 is degraded, allowing the toxin to act decreasing cell growth and metabolism. When normal 35 growth conditions are re-established, the antitoxin is produced, blocking the toxin and allowing 36 the cells to grow. Thus, this mechanism represents an important bacterial strategy of survival 37 under stress conditions. In this work, we show that in X. citri ecnAB is regulated by quorum 38 sensing and it is involved in important processes such as biofilm formation, EPS production, and 39 motility. In addition, we show that ecnAB plays a role in X. citri survival and virulence in plant 
IMPORTANCE

43
Very little is known about TA systems in phytopathogenic bacteria. The ecnAB in special has 44 been only studied in bacterial human pathogens. Here we showed that it is present in a wide 45 range of the phytopathogen Xanthomonas spp., and moreover this is the first work that
46
INTRODUCTION
virulence factors, reduction of xanthan gum production and biofilm development (18, 20, 21) .
70
Thus, the genes regulated by quorum sensing are important to be understood since they are 71 directly involved in features that allow the success of bacterial survival and virulence in the host 72 (18). In fact, the transcriptome analysis of the rpfF mutant revealed a set of genes involved in 73 chemotaxis and motility, adhesion, stress tolerance, regulation, transport, and detoxification (18).
74
Many of these genes are extensively studied (18, 22, 23) , however there are genes whose 75 functions in X. citri are still unknown such as the ecnAB toxin/antitoxin (TA) system 76 (XAC_RS20190/XAC_RS20185) despite its important role in E. coli has already been 77 demonstrated (24, 25) . The E. coli ecnAB locus encodes the synthesis of two small lipoproteins 78 that are part the entericidin locus TA system, because of hypothesized similarities to a plasmid 79 addiction module, mazEF, that has been studied in E. coli (24) . EcnA was designated as the 80 antitoxin that counteracts the EcnB toxin, whose overproduction results in a more pronounced 81 bacterial lysis than that observed in the co-expression of both ecnA and ecnB (25). Different of Enterobacter sp. strain C6-6 (25) .
85
Most of the studies regarding TA systems are related to human-associated bacteria, and 86 only a few have addressed TAs from phytopathogens (27) 
Quorum sensing regulation
128
To verify if the DSF-mediated quorum sensing system is involved in the regulation of ecnAB, a 129 quantitative reverse transcription PCR assay was performed using the rpfF deletion mutant. The
130
RNA extraction from the wild-type and rpfF mutant strains was done using RNeasy Plant minikit
131
(Qiagen) and RNA quality and concentration was assessed by gel electrophoresis and Nanodrop
132
(Thermo Scientific). cDNA was synthesized with GoScript Reverse Transcription System 133 (Promega) and qPCR was realized using GoTaq SYBR green (Promega) and followed the 134 manufacturer instructions in a 7500 Fast Real-Time PCR system (Applied) and the output data 135 were analyzed by fold change calculation (2 -∆∆CT ). Gene expression was estimated using primers
136
for the genes from the ecnAB locus. gumB was used as control, since it is negatively regulated by 137 rpfF and 16S rRNA was also used as the endogenous control (Table 2) . Three independent 138 experiments were performed and statistical significance among the means was calculated using
139
ANOVA followed by Tukey test (P < 0.05). Tukey test (P < 0.05).
168
Assays of biofilm formation on leaf surfaces were performed as previously described (39) 
EPS quantification
178
The bacteria strains were cultivated overnight in NBY medium at 28°C with shaking at 200 rpm.
179
The optical density (OD) at 600 nm was adjusted to 0.05 (UV/Vis Spectrometer Lambda Bio; randomly selected from the inoculated leaves, were ground in 1 mL of phosphate buffer.
212
Bacterial numbers were determined in serial dilutions of the suspensions and then plated on NBY 213 medium with the appropriate antibiotics. Colonies were counted after 48 hours of incubation at 214 28 °C. Disease symptoms severity was evaluated at 7, 14, 21 and 30 days after inoculation by 215 three independents evaluators following the diagrammatic scale for citrus canker disease (43).
216
Two independent experiments were performed. Statistical significance among the means was 217 calculated with ANOVA and Tukey test (P < 0.05). synthesis and qPCR were performed as described above. Relative expression was evaluated 227 using the 2 -∆∆CT method using the 16S gene expression as endogenous control ( was an effect of the alteration in exopolysaccharide production. Indeed, a significant reduction in
264
EPS was observed in ecnA mutant ( Fig. 5A ) with a lower amount and dryer crude xanthan gum 265 (Fig. 5B) . These results suggest that the less biofilm formation observed in ecnA mutant could be 266 related to the altered production of EPS. Besides its participation in biofilm, EPS has also a role 267 in movement through sliding motility (11). Indeed, ecnA mutant show significant reduced 268 diameters of the sliding motility compared to the wild-type and ecnA+ strains (Fig. 6 ).
269
Swimming analyses were also performed, but no difference was observed between the mutant 270 and wild-type strains (Fig. S1 ). Growth curve assays were performed, and no difference was 271 observed between the strains (Fig. S2) , indicating that the difference observed in the motility 272 assays was not related to growth. The pathogenicity of the ecnA mutant was evaluated by infiltration and spray on the plant host.
276
The bacterial population of the ecnA mutant in infiltrated leaves was significantly lower than 277 wild-type at 21 dai (days after inoculation) (Fig. 7A) , showing 5 logs difference. In addition, the 278 symptoms were clearly reduced compared to the leaves infiltrated with wild-type (Fig. 7B) .
279
When both bacteria were inoculated by spray, a method that better mimics the natural 280 transmission condition, the ecnA mutant population was also significantly lower than that of the 281 wild-type at 21 dai ( Fig. 7C ) resulting in a significant difference in symptoms severity of leaves
282
( Fig. 7D ). As ecnA is part of a TA system and it may be associated to tolerance to stress repressed at high concentration of hydrogen peroxide (50mM) (Fig. 8B ). These results are 293 similar to previously published data on toxin-antitoxin in X. citri, where it was found that most 294 stressor agents indeed repress the toxin-antitoxin systems in these bacteria (29). Altogether these 295 results suggest that the lower population of ecnA mutant observed in the leaves could be a 296 consequence of the less ability to cope with plant defense responses.
DISCUSSION
299
The ecnAB locus encodes two small peptides, named EcnA and EcnB (Fig. 1 not only to a decrease in expression of gumB and ecnA but increase of genes related to adhesion.
314
These later genes are responsible for the increased biofilm, which may not be under the 315 regulation of ecnA or gumB, and that would explain the contrasting phenotype observed in these 316 genetic backgrounds.
317
Our results suggest that the correlation of ecnAB and biofilm formation occurs due the EPS 318 production as the ecnA mutant presents less biofilm and EPS (Fig. 4 and 5) . Additionally, the 319 ecnA mutant showed decreased sliding motility on the media surface (Fig. 6) mean. 16S rRNA was used as endogenous control. *Indicates significant difference P < 0.05 and
